Abstract: Six subjects performed two trials of incremental cycling to exhaustion under normoxic and hypoxic conditions. The lactate threshold and onset of muscle deoxygenation were highly correlated under both conditions, and during the hypoxic condition both variables shifted leftward.
Previous studies [1] [2] [3] have reported a predictable decrease in muscle oxygen saturation (S t O 2 ) during exercise as measured by near-infrared spectroscopy (NIRS). Moreover, a distinct breakpoint of accelerated muscle deoxygenation occurs at the lactate threshold (LT), as evidenced by a high correlation between the two parameters during graded exercise [1, 3] .
Furthermore, when graded exercise is performed under hypoxic conditions, the LT is shifted leftward and occurs at a lower absolute intensity than what is observed under normoxia [2, 4, 5] . Whether there would be a similar shift in the onset of muscle deoxygenation (OMD) under hypoxia is unknown; thus we have undertaken this study.
Six male and female subjects (24.3 ± 3.3 yr; 67.3 ± 16.4 kg; 172.8 ± 8.9 cm) volunteered to participate in the study, which was approved by the Institutional Review Board of San Diego State University. All subjects provided informed consent before beginning the study.
On two separate days, the subjects performed a maximal incremental cycling test on an electronically braked ergometer (Lode Excalibur, Groningen, The Netherlands) during normoxic or hypoxic conditions. The initial power was set at 20 W and increased 20 W⋅min -1 until the subject reached volitional exhaustion (pedaling frequency < 60 rpm). No warm-up was performed before the incremental tests. There was at least 48 h between tests, and the order of treatments was randomized. Throughout the study, the subjects were not told of the treatment condition.
During the hypoxic trial, two oxygen scrubbers, set at 14% O 2 , which simulated an altitude of 3,200 m, were connected in parallel to a 5 l mixing chamber and a 1.8 m breathing tube with a two-way non-rebreathing valve. For the normoxic trial, the configuration remained the same, except that the breathing tube was not connected to the mixing chamber, which the subject could not see. A sampling line was inserted in the inspiration hose just upstream from the non-rebreathing valve, and the F I O 2 was measured continuously by an oxygen analyzer (S-3A Oxygen Analyzer, Applied Electrochemistry Inc., Sunnyvale, CA). The oxygen analyzer was calibrated with standard calibration gas before each test. The S t O 2 of the right vastus lateralis muscle (10 cm superior to the patella) was measured continuously by NIRS (InSpectra TM Tissue Spectrometer Model 325, Hutchinson Technology Inc., MN) with a 25-mm probe. Heart rate (HR) and arterial blood saturation (S a O 2 ) were measured, using a portable pulse oximeter (Masimo SET, Rad 5, Masimo Corp. Irvine, CA) with the probe placed on the subject's forehead to eliminate artifact sometimes present with fingertip pulse oximeters. S a O 2 , S t O 2 , and HR values were averaged during the last 15 s of each stage. The subject's hand was preheated, and arterialized blood was sampled from finger sticks 45 s into each stage. Each sample was measured in duplicate to determine lactate concentrations (1500 Sport Lactate Analyzer, YSI Inc., Yellow Springs, OH). The OMD and LT were calculated by using the leastsquares method in a variation of the method used by Grassi et al. [3] . The breakpoints of S t O 2 and lactate were visually inspected to estimate the power at which values began to change exponentially. The sum of squares of a regression was calculated from data beginning at 40 W to the power at the estimated breakpoint and also from the estimated breakpoint to the maximal power. The two sums of squares were added, and the process was repeated by varying the estimated breakpoint to identify the breakpoint with the lowest two sums of squares. This breakpoint was used as the lactate threshold or onset of muscle deoxygenation. The hypoxic and normoxic trials were compared by using paired t-tests, with a Bonferroni correction, and Pearson-product correlations. Alpha was set at 0.05.
The means of the lactate and S t O 2 responses under both conditions were plotted against the percent of maximal power in the normoxic condition (Fig. 1) . During hypoxia, when the subjects reached LT and OMD, the measured F I O 2 was 14.1 ± 0.1%. The results from paired-sample ttests indicated that the OMD occurred at a lower power during hypoxia (127 ± 41 W) than during normoxia (160 ± 51 W; P = 0.002; Table 1 ). Similarly, LT occurred at a lower power during hypoxia (130 ± 33 W) than during normoxia (173 ± 48 W; P = 0.003). Furthermore, there were strong bivariate correlations between the OMD and LT during normoxia (r = 0.98) and hypoxia (r = 0.94). Maximal exercise in hypoxia reduced the peak power output by 10% compared to the normoxic trial. Also, during hypoxia there were decreases in S a O 2 and HR at exhaustion (P ≤ 0.015). The S t O 2 and blood lactate concentrations obtained at exhaustion did not differ between the two conditions.
Our results support previous studies that have reported a strong correlation between OMD and LT during graded exercise under normoxic conditions [1, 3] . The primary new findings of this study were the concurrent leftward shifts of the OMD and LT and their strong relationship during normoxic and hypoxic exercise; thus these relationships were independent of the F I O 2 .
These relationships may be explained by our observations, as well as those of others [2, 5, 6] , that under hypoxic conditions the LT occurred at a lower exercise intensity compared to that seen during normoxia. It is generally believed that during hypoxia there is greater sympathetic nervous system activation, which stimulates glycogenolysis and glycolysis, thus contributing to increased lactate accumulation [4, 5, 7, 8] . Grassi et al. [3] hypothesized that during graded exercise in normoxia, the increased acidemia that occurred at the LT was responsible for the OMD because of a Bohr effect on the oxy-hemoglobin dissociation relationship. However, it is difficult to rationalize this mechanism to explain the concurrent leftward shifts in the LT and OMD observed in the current study because recent studies have reported that blood pH was higher under hypoxic than normoxic conditions during submaximal [9] and maximal [10] exercise. The higher blood pH was attributed to a hypoxic-induced respiratory alkalosis, even though blood lactate concentrations at the end of maximal exercise were similar under both conditions [10] . In summary, we observed a concurrent leftward shift in the LT and OMD during hypoxia; however the mechanism to explain this phenomenon warrants further investigation. 
